Say. sterilized by apholate or both treated and untreated males. Results from chemo· tepa and by gamma radiation.
For radiosterilization, sterilization equaled or surpassed those from radiosterili· house fly pupae were treated 31-54 hr prior to edosion zation. With mosquitoes, highly competitive. yet perwith 2850 r and mosquito pupae at least 24 hr old with manently sterile, males were more attainable with chemo· 10000 or 12000 r from a cobalt-60 SOllrcesupplying 736:!: than with radiosterilization. With house flies either 33 r/min. l'or chemosterilization, house fly male adults method seemed adequate. but the slightly greater degree I day old were fed 10/0apholate in the diet for 3 days and of recovery after irradiation than after chemosterilization mosquito male adults for 3--4 days after emergence. Mos-mllst be considered. quito male adults 0-24 hr old were also exposed to con· Entomolog·ists have at their disposal both chemicals and ionizing radiation for the sexual sterilization of insects. The sterile-male technique of insect control envisioned by Knipling was successfully demonstrated (Knipling 1960 ) with gamma-irradiated screw-worm flies, Cochliomyia hominivorax (Coquerel). Further investig'ations showed that this species is also susceptible to dlemosterilants (Chamberlain 1962 .
The common malaria mosquito, AllojJheles • Nowat Salisbury, SouthernRhodesia,SouthAfrica.
• Nowat Beltsville, Md.
quadrimaculatus Say, was sterilized by gamma radiation, with a resulting reduction in mating vigor (Davis et a!. 1959) , and by chemosterilants (Weidhaas et a!. 1961). The inability to control this species through the release of males sterilized by gamma radiation (Weidhaas et a!. 1962 ) was shown to be due to behavioral deficiencies in the males of the colonized strain released . Morlan et a1. (1962) tried unsuccessfully to control Aedes aegypti (L.) by releasing irradiated males; Weidhaas and Schmidt (1963) reported that althoug·h the mating vigor of irradiated males of this species was severely reduced, the mating vig'or of chemosterilized males ap-
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Vol. 57, No.5 peared unaffected. The house fly, l\lusca domestica L., extensively used as a test organism for screening insect chemosterilants, was reported to have an apparent increase in mating vigor following chemosterilant treatment (LaBrecque et al. 1962) . Although the use of chemosterilants has unique advantages over irradiation for the production of sterile males, it is important to compare the effectiveness of males sterilized by both techniques. The research reported here was conducted to compare the effect of chemosterilants and ionizing radiation on the house fly and the common malaria mosquito in terms of the effectiveness of the resulting sterile males.
METHoDs.-In these investigations the most important criterion for effectiveness of sterile house fly and mosquito males was the reduction in the numbers of viable egg batches from females caged with both treated and untreated males. Mixed populations of treated and untreated males caged with 50 or 60 vir· gin females at ratios of 4:1:1, 2:1:1, or 1:1:1, respectively, formed the bases of the competition; e.g., 240 treated~: 60 untreated~: 60 untreated~. Treated males were tested for sterility at a I: I ratio by caging 60 with 60 untreated~. Normal fertility was determined by caging 60 untreated is with 60 untreated~.
In the mosquito tests a further criterion was used; effectiveness of the treated males was sought by ascertaining the percentages of females inseminated in noncompetitive crosses (60 treated is : 60~). The numbers inseminated were determined by adding the numbers of females ovipositing (since this species seldom oviposits when uninseminated) to the numbers of nonovipositing females found by phase microscopy to contain sperm in their spermathecae.
Sterilization was accomplished with laboratory-reared house flies and mosquitoes either by irradiating the pupae or by treating the adults with chemosterilants. Pupae were exposed to gamma radiation from a cobalt-60 source at 736 ± 33 rlmin between 9 AM and 12 noon. Virgin adult males were fed apho]ate-treated food or exposed to residues of tepa on glass. Tests were conducted at 80°± 4°F and 70-800/0 RH, but for handling purposes insects were immobilized in a cold room at 34" ± 2"F.
Dry house fly pupae were exposed at 9 AM to 2850 r, 31-54 hr prior to eclosion. Emerging males were fed untreated food composed of 6 parts sugar, 6 parts powdered milk, and 1 part powdered egg. One-dayold virgin males, not irradiated, were given similar food containing 10/0apholate. This diet was prepared by thoroughly mixing 12.5 ml of acetone containing 0.25 g apholate into 25 g of fly food; after drying, the food was pulverized and given to the flies for 3 days and then replaced with untreated food. Untreated males and females were fed untreated food. Water was supplied to all flies by a wick bottle.
All flies, both treated and untreated, were of uniform age and sexed within 8 hr after emergence to insure virginity. Males and females of all groups were kept separately in organdy-covered IOXIOx7-in. holding cages for 4 days following emergence. On the 5th day, treated and untreated males were transferred to cylindrical wire mating cages, about 18 in. long and 12 in. in diameter, closed at one end with plywood and at the other with a stockinette sleeve. On the 6th day, after males had become oriented in the cages, un· treated virgin females were introduced.
On the II th day females were removed and placed individually into 3·dr plastic oviposition vials, covered at each end with black cloth. One end of each vial was inserted into I-day-old uninfested larval rearing medium. The black cloth covering the embedded end had been soaked in fresh milk and contained an overlapping fold in which the flies usually oviposited. On the J 3th day the vials were opened and the total number of eggs and the number of hatched eggs recorded for each female.
Irradiated house flies were also observed for longevity and recovery of fertility. Mortality records were maintained on treated and untreated virgin males for 30 days. Recovery of fertility was investigated by caging groups of males with virgin females for 3 days and repeating the process 10 days later with other virgin females. Females were allowed to oviposit on larval rearing medium en masse and the subsequent production of pupae was observed.
Unsexed mosquito pupae at least 24 hr old were exposed from II AM to 12 noon to 10000 or 12000 r in about 75 cc of tapwater, replaced immediately after irradiation.
Resulting males, as well as untreated males and females, were maintained on 20% honey solution supplied underneath a wire resting screen in a small souffle cup. Other males were sterilized by feeding for the first 3 to 4 days after emergence on 1% apholate in 200/0 honey solution, and thereafter fed untreated honey solution. Contact sterilization was effected by exposure to residues of 7 mg/ft 2 of tepa on glass. The insides of quart jars and their glass covers were coated with a measured quantity of a 0.1'fo solution of tepa in methanol; jars were rolled until apparent dryness, and then allowed to dry overnight; 50 to 60 0-to-24-hrold males were then held in the jar for 2 hr starting at 9 AM. These males were fed untreated 200/0 honey solution. Tapwater was supplied all mosquitoes in a saturated cotton pad.
All mosquitoes, both treated and untreated, were of uniform ag'e and sexed within 24 hr after emergence to insure virginity.
Males and females were kept separately in the cylindrical wire cag'es. When the treated and untreated males were at least I to 2 days old, they were placed in an empty cage about I hour prior to the introduction of virgin females. Since in this mosquito mating is a crepuscular occurrence (Stahler and Terzian 1956, Killough and , males and females were caged together in the morning so that sufficient orien tation time could elapse before the evening mating period to prevent either the sterile or the fertile male from having a mating advantage. After 3 to 5 days a guinea pig was placed in the cage for 3-4 hr and 2 days later the blood-fed females were individually bottled for egg deposition in 10-dr glass vials containing water. At 3-5 days after oviposition the number of eggs and the number of hatched eggs were recorded for each female.
To determine the effects of chemosterilized sperm on embryogenesis, we observed the state of embryonic development in mosquito eggs of known age from females mated with treated or untreated males. The eggs were cleared with 300/0 hydrogen peroxide for 10 min and the floats removed with 1'70 sodium hypochlorite; immediately after rinsing, eggs were placed in Ringer's solution and observed by phase microscopy; the eggs were photographed, discarded, and other eggs utilized for subsequent observations.
RESULTSANDDISCUSSION.-The record of sterility of house fly and mosquito females caged with treated and/or untreated males is given in Table I . The reconl of actual and expected degree of sterility induced Table 2 .
Ollly small percentages, 9'70 and 5'70, of the house fly males treated with apholate or gamma radiation, respectively, were not completely sterilized. Maximum hatdl among individual egg batches from females mated to irradiated males was 40/0, and to chemosterilant treated males 14%. In the competitive tests treated flies perfonlled as well as untreated flies. With chemosterilized flies more sterile egg batches than expected were found, but the overall percentage of sterile eggs did not appreciably exceed the expected value. Reco\'ery of fertility in the irradiated male resulted in an increase from 1 pupa/25 <;> in the first mating to 2 pupae/ <;> in the subsequent nutings.
Longevity of males did not appear to be materially affected by irradiation (Table 3) . LaBrecque (1963) reported that apholate caused permanent male sterility without decreasing longevity.
All treatments, except radiation at 10000 r, produced complete sterility in most male mosquitoes. However, except for the tepa treatment which produced full sterility in all males, there were occasional instances of normal hatch in the noncompetitive crosses. Under competitive conditions only the tepatreated males and males incompletely sterilized at 10000 r performed as well as untreated males. These findings coincided with those from field studies in which tepa-treated males appeared to be more aggressive than irradiated or apholate-fed males (Dame ct a1. 1964) . The performance of the apholate-treated males and males irradiated at 12000 r was similareach suffered about 26% reduction in mating vigor. The effectiveness of males irradiated at 12000 r, a marked improvement over that noted in 1959 by Davis et aI., was due to delaying irradiation of pupae until they were at least 24 hr old. Little difference was noted between results of treatments causing slight or no reduction in male competitiveness and those that did cause some reduction. Insemination rates of male mosquitoes exposed to tepa residues or irradiated at 10000 l' varied little from those of males fed apholate or irradiated at 12000 r. AltllOU&h~0!fiparative data are not available on recovery of fertIlIty, the tepa treatment did produce permanent sterility . _ Embryogenesis in egg's from female mosqUItoes mated to chemosterilized males followed 3 different patterns. Most egg's that failed to hatch were similar to those from untreated parents in that embryonic development was not evident. Many of the remainiJ?g eggs were highly disorganized in devel0I;>ment; III some, a few well-formed setae were seen amIdst an apparently otherwise undifferentiated mass of cellular material. Finally, some of the embryos developed normally at first, although often at a reduced rate, and then became disorganized at various stages of development. The lack of embryonic development and death of the developing embryo appeared to fit the criterion of Type I and Type III dominant Ietllalitr, respectively, as defined by von Borstel and Rlkemeyer (1959) .
The utilization of dominant lethality produced by chemical or physical mutagens for insect control merits continued attention.
It is pertinent to note that in each of tlle 3 comparative studies conducted in our laboratory chemosterilization methods produced results equaling or surpassing those obtained by radiosterilization.
For mosquito sterilization it would appear that the desired goal of highly competitive, yet pennanently sterile, males is more readily attainable with chemosterilization than radiosterilization. \-\lith house flies either method seems adequate, but it is necessary to consider the slightly greater degree of recovery following irradiation than that following chemosterilization.
Thus, it is important to recognize that each species to be considered must be evaluated in the light of factors applicable, and perhaps unique, to it alone. One also must be aware that the chemosterilants currently available are not selective in their mutagenic activity. Therefore, to reduce the potential hazards involved in their use, field investigations with chemosterilants should be directed toward selective application to insure that the pest species is the only organism which contacts the sterilant.
